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SYSTEMS AND METHODS FOR
DETERMINING MEASUREMENT POWER
OFFSETS

CROSS REFERENCE TO RELATED
APPLICATION(S)

This application is a 35 U.S.C. §371 National Phase Entry
Application from PCT/SE2013/050950, filed Aug. 5, 2013,
which claims priority to U.S. provisional patent application
No. 61/683,584, filed on Aug. 15, 2012. The above identified
applications are incorporated by reference in their entirety.

TECHNICAL FIELD

Aspects of this disclosure relate to systems and methods
for determining measurement power offsets in network that
uses multiple pilots, such as, for example, a multi-antenna
communication system.

BACKGROUND

Multiple input multiple output (MIMO) is an advanced
antenna technique to improve the spectral efficiency and
thereby boosting the overall system capacity. The MIMO
technique uses a commonly known notation (MxN) to repre-
sent MIMO configuration in terms number of transmit (M)
and receive antennas (N). The common MIMO configura-
tions used or currently discussed for various technologies are:
(2x1), (1x2), (2x2), (4x2), (8x2) and (8x4). The configura-
tions represented by (2x1) and (1x2) are special cases of
MIMO and they correspond to transmit diversity and receiver
diversity respectively. The configuration (2x2) is used in
WCDMA release 7 and configurations ((4x4), (4x2) (4x1))
are being defined in Third Generation Partnership Project
(3GPP) release 11.

Currently a 4Tx transmissions scheme for High-Speed
Downlink Packet Access (HSDPA) is discussed within 3GPP
standardization. Previous versions of the specification sup-
ported up to 2 TX antenna transmissions. In order to support
4Tx MIMO transmissions, it is necessary to obtain 4 channel
estimates in order to characterize each of the spatial layers,
which will require new pilot signals to be defined. Pilots are
needed for two main functionalities; channel state informa-
tion (CSI) estimation through channel sounding where rank,
a channel quality indicator (CQI) (also referred to as channel
quality information) and a precoding control index (PCI) are
estimated and channel estimation for demodulation purposes.

For 4 branch MIMO, at least two different approaches are
possible (1) Common pilots for both CSI and channel esti-
mation for data demodulation and (2) Common pilots for CSI
estimation and additional pilots for channel estimation for
data demodulation.

In the above context, “common pilots™ refer to pilots that
are made available to all users and which are transmitted
without user specific beamforming.

Common pilots may be transmitted at instances in which
legacy users (Release 7 MIMO and Release 99), who are not
able to demodulate 4TX transmissions are scheduled. These
legacy users cannot make use of the energy in the common
pilots. However, the energy in the additional common pilots
will reduce the amount of energy available for High-Speed
Physical Downlink Shared Channel (HS-PDSCH) schedul-
ing to the legacy users. Moreover, the additional pilots cause
interference to these users. Therefore, to minimize perfor-
mance impacts to non 4TX users, it is essential that the power
of the common pilots can be reduced to a low value.
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In a High-Speed Downlink Packet Access (HSDPA) sys-
tem, the user equipment (UE) (e.g., communication device)
has to periodically report a channel quality indicator (CQI).
The period is configured by the higher layers. For the purpose
of'channel quality reporting the UE has to know the powers of
the pilots and the measurement offset (a.k.a., measurement
power offset).

In Release 7 MIMO (2x2), for the purpose of CQI report-
ing, the UE shall assume a total transmit power of HS-PD-
SCH (Pysppscr) 18 given by:

Pusppsca=P cprcztl indB,

where the total transmit power is assumed to be evenly dis-
tributed among the HS-PDSCH codes corresponding to the
reported CQI value, and the measurement power offsetI' (i.e.,
an offset value) is signaled by higher layers. Pz, denotes
the combined transmit power of a set of CPICH(s) (e.g., a
primary CPICH and three secondary CPICHs) used for
MIMO operation of the High-Speed Downlink Shared Chan-
nel (HS-DSCH).

The base station (e.g., Node B) sends the measurement
power offset information through higher order signaling for
example Radio Resource Control (RRC) messages. The
actual measurement power offset can vary from TTI to TTI
since HS-PDSCH power depends upon power transmitted by
Node B when user is scheduled. A user can be scheduled
every TTI. To reduce overhead, the measurement power oft-
set is signaled preferably only at the start of an HSDPA
session. Therefore, the Node B re-computes the actual CQI
based on the current or recent measurement power offset and
the signaled measurement power offset. The Node B knows
the signaled measurement power offset. In a four branch
MIMO, it was decided to use two types of pilot solutions. The
Node B informs the UE which one of the two to use. In each
case, the measurement power offset computation is different.
Hence a new method to determine the measurement power
offset and convey this information is desired.

SUMMARY

Described herein are, among other embodiments, various
embodiments for computing measurement power offset and
conveying this information to UE. The various embodiment
may be utilized in a mixed pilot scenario—e.g., the case of
common pilots and scheduled or demodulation common
pilots.

In one aspect, a method performed by a network node is
provided. In some embodiments, the method includes: deter-
mining whether a first scheme (scheme-1) or a second scheme
(scheme-2) should be used to calculate a measurement power
offset (MPO). In some embodiments, this step consists of (or
comprises) determining whether a determined signal quality
value (SQV) is above a threshold (T). In other embodiments,
the step consists of or comprises determining whether a UE
recommended scheme-1 or scheme-2. In response to deter-
mining that scheme-1 should be selected (e.g., in response to
determining that the SQV is above T), the network node uses
scheme-1 to calculate the MPO. Otherwise, in response to
determining that scheme-2 should be selected (e.g., in
response to determining that the SQV is not above T), the
node uses scheme-2 to calculate the MPO. The node then
sends to the UE (directly or indirectly) a message containing
the calculated MPO.

In another aspect, a network node is provided. In some
embodiments, the network node comprises a data storage
system and a data processing system. The data storage system
comprises instructions executable by the data processing sys-
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tem whereby the network node is operative to: determine a
first measurement power offset, I'l, based on a first scheme,
scheme-1; determine a second measurement power offset,
12, based on a second scheme, scheme-2; and inform the UE
of I'l and T2.

In another aspect, a method performed by a first network
node for sending to a UE two measurement power offsets: a
first measurement power offset, I'1, and a second measure-
ment power offset, I'2, is provided. In some embodiments, the
method includes: receiving I'l and I'2 from a calculating
node that calculated I'1 and I"2, wherein the I'1 and I'2 are
calculated based on a first scheme, scheme-1, and a second
scheme, scheme-2, respectively; including I'l and I'2 in a
Radio Resource Control, RRC, message; and transmitting to
the UE the RRC message.

In another aspect, a first network node for sending to a UE
two measurement power offsets: a first measurement power
offset, I'l, and a second measurement power offset, I'2, is
provided. In some embodiments, the first network node is
adapted to: receive I'1 and I'2 from a calculating node that
calculated I'1 and I"2; include I'1 and I'2 in a Radio Resource
Control, RRC, message; and transmit the RRC message
towards the UE.

In another aspect, amethod performed by a UE is provided.
In some embodiments the method includes: the UE receives a
first measurement power offset (MPO1) and a second mea-
surement power offset (MPO2) from a network node. The UE
then selects one of MPO1 and MPO2. In some embodiments,
the selection is based on whether a determined SQV is above
a threshold value (T), and in other embodiments the determi-
nation is based on a received HS-SCCH order. In response to
selecting MPO1, the UE uses MPO1 for CSI estimation, but
not MPO2 (e.g., uses MPO1 to determine one or more of CQI,
PCI, and RI). Otherwise, in response to selecting MPO2, the
UE uses MPO2 for CSI estimation, but not MPO1 (e.g., uses
MPO?2 to determine one or more of CQI, PCI, and RI). Next,
the UE sends to the network the CSI (e.g., a CSI report
identifying CQI, PCI). The UE may also send to the network
a message comprising information (e.g., a sing bit of infor-
mation) indicating which measurement power offset was
selected (i.e., MPO1 or MPO2).

In another aspect, a UE is provided. In some embodiments,
the UE comprises a data storage system and a data processing
system, the data storage system storing instructions execut-
able by the data processing system whereby the UE is opera-
tive to: receive from a network node two measurement power
offsets, a first measurement power offset and a second mea-
surement power offset; select one of said two measurement
power offsets; use the selected measurement power offset for
channel station information, CSI, estimation; and transmit the
CSIL.

An advantage of this disclosure is that the impact of 4 TX
MIMO on legacy terminals arising from the need for addi-
tional pilots can be kept on a reasonable level. At the same
time as high power pilots can be provided to the terminal as an
aid for data detection.

The above and other aspects and embodiments are
described below with reference to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and form part of the specification, illustrate various
embodiments.

FIG. 1 is a diagram of a common pilot design system.

FIG. 2 shows the performance of a pilot reduction scheme.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIGS. 3 and 4 show the Link level throughput for a UE with
3 different C/I for 4x4 MIMO and 4x2 MIMO.

FIG. 5 is a diagram of another pilot design system.

FIG. 6 shows link performance for a solution based on
common pilots for CSI estimation and scheduled pilots for
data demodulation.

FIG. 7. shows performance with two different link adapta-
tion algorithms

FIG. 8 shows a message sequence chart.

FIG. 9 is a flow chart illustrating a process, according to
some embodiments, that is performed by a network node.

FIG. 10 is a flow chart illustrating a process, according to
some embodiments, that is performed by a UE.

FIG. 11 is a block diagram of a network node according to
some embodiments.

FIG. 12 is a block diagram of a UE according to some
embodiments.

FIG. 13 illustrates an example communication system.

FIG. 14A is a flow chart illustrating a process, according to
some embodiments, that is performed by a network node
(e.g., a base station).

FIG. 14B is a flow chart illustrating a process, according to
some embodiments, that is performed by a network node
(e.g., a base station).

FIG. 15 is a flow chart illustrating a process, according to
some embodiments, that is performed by a network node
(e.g., an RNC).

DETAILED DESCRIPTION

Referring to FIG. 13, FIG. 13 shows an example network
100 in in which the methods described herein may be
employed. Network 100 is a wireless communication system
that enables a wireless communication device 100 (also
referred to as user equipment (UE)) to communicate with,
among other devices, a host 112 connected to a packet data
network 110 (e.g., the Internet). In the example shown, net-
work 100 includes a radio access network (RAN) that
includes a relay node 105, a base station 102 (also referred to
as Node B), a radio network controller (RNC) 106, and a core
network 107.

1. Overview of Pilot Design Schemes for MIMO Systems

As mentioned above, at least two pilot design schemes are
contemplated: 1) common pilots for CSI estimation and data
demodulation and 2) common pilots for CSI estimation and
additional pilots without precoding for data demodulation
(scheduled pilots demodulation common pilots).

1. Common Pilots for CSI Estimation and Data Demodu-
lation

FIG. 1 is diagram of a common pilot design system. At the
Node B 102 transmitter 191, known pilot symbols are trans-
mitted for channel sounding. The UE 101 receiver 192
receives the pilot symbols and the UE determines channel
quality (typically SINR) from channel sounding, and com-
putes a preferred precoding matrix and CQI for the next
downlink transmission. This information is conveyed to the
Node B through a feedback channel 177. The Node B pro-
cesses this information and determines the precoding matrix
and modulation and some other parameters (e.g., transport
block size, etc.) and conveys this information to the UE
through a downlink control channel. Data is transmitted with
the modulation and coding rate indicated in the downlink
control channel. The data is pre-multiplied by precoding vec-
tor/matrix before passing to the antenna ports. For data
demodulation, the UE receiver 192 estimates the channel for
data demodulation from the common pilot symbols.
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Common pilot only solutions will have a negative impact
on legacy users unless the power on the additional pilots is
minimal. FIG. 2 shows the performance of a pilot reduction
scheme on the sector throughput with different number of
users per sector. For this simulation, it is assumed that all the
users are Release-7 MIMO capable with 2 receive antennas.
The additional interference due to third and fourth pilots is
considered with different power levels. The pilot powers for
the first and the second antennas are setto —~10 dBand -13 dB
respectively. As indicated, as the power of the additional
pilots is decreased, the impact on the system throughput
performance is less. For example, if the pilot power is around
-19 dB, then the impact on the legacy users is almost negli-
gible.

However, if the power is minimal, then the demodulation
performance of 4TX users will be adversely impacted. FIGS.
3 and 4 show the Link level throughput for a UE with 3
different C/I for 4x4 MIMO and 4x2 MIMO. As discussed
above, when operating with common pilots it will be neces-
sary to minimize the power transmitted on the 3rd and 4th
pilots in order to minimize impact to legacy users.

The performance with reduced pilot powers for 3rd and 4th
antennas while keeping the pilot powers for 1st and 2nd
antennas as —10 and -13 dB, respectively, was plotted. As
indicated, as the pilot powers are reduced, the performance
degrades due to bad channel estimation for CQI and data
demodulation. The degradation is severe at high C/I com-
pared to low C/I region. This is because at high C/1, there is a
high probability of rank 3 and rank 4 transmissions and/or
high data rates, which require a larger amount of pilot power
energy. On the other hand, low data rates and/or rank selec-
tions, which occurs at low C/I can be demodulated with a
lower amount of pilot energy (i.e. a higher traffic to pilot
ratio).

Introduction of additional pilots when any 4 branch MIMO
user is scheduled may cost some additional overhead and may
not give benefit for all the scenarios. In reality, a high amount
of pilot power is required when the UE is attempting to
demodulate high data rates with high rank.

2.Common Pilots for CSI Estimation and Additional Pilots
for Data Demodulation.

The system diagram in this scheme is shown in FIG. 5.
Similar to the common pilot scheme, known pilot symbols are
used for channel sounding, the UE conveys the preferred
precoding matrix, CQI through the feedback channel (e.g.
HS-DPCCH). For downlink data transmission, The Node B
uses this information and chooses the precoding matrix, CQI
and the transport block size. For data transmission, data is
multiplied by the precoding matrix selected by the Node B
then transmitted. In addition to the data, additional pilots
similar to common pilots without precoding are transmitted
with high power from all or few subset of antennas (for
example 3rd and 4th antennas). These additional pilots are
called scheduled pilots. Using these additional pilots, the UE
estimates the channel for data demodulation purposes.

FIG. 6 shows link performance for a solution based on
common pilots for CSI estimation and scheduled pilots for
data demodulation. Note that with ideal channel estimation,
the performance of scheduled common pilot solution is
always inferior to the common pilot solution with power of
-13 dB on third and fourth antennas. This is due to the
additional power allocated to these scheduled pilots. Addi-
tionally, the performance of schedule pilots with realistic
estimation is close to that of common pilot solution with pilot
power of —13 dB. Hence this solution is attractive in terms of
link performance for four branch MIMO system.
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The performance gains with scheduled pilots are almost
negligible at low to medium geometries. Hence, scheduled
pilots may not be needed for all geometries.

From FIG. 6 it can be observed that for low to medium
geometries/data rates, common pilot solution is sufficient to
give a reasonable performance. Additional pilots are more
necessary at high SNR or for high data rate applications. To
show the impact of reduced pilot power for high data rate
application we plotted the 4x4 MIMO link performance with
pilot powers [-10 =13 —-19 -19] dB with two link adaptation
(LA) algorithms. In the first link adaptation algorithm all
modulations are considered i.e. QPSK, 16 QAM and 64
QAM, while in the second link adaptation algorithm; we
consider only QPSK and 16 QAM. FIG. 7 shows the perfor-
mance with these two link adaptation algorithms. The results
with perfection estimation are also shown. It can be observed
that at low and medium geometries the performance of the
two link adaptation algorithms is same, while at high geom-
etries the performance of the link adaptation algorithm with-
out 64 QAM performs better. The performance degradation
with conventional LA is around 33% and while with the
modified LA is around 16% compared to the perfect estima-
tion.

One solution is to use both common pilots plus scheduled
pilots. The Node B can decide based on some criteria and
decide which scheme to use. The UE can identify which
scheme is used by looking at the High-Speed Shared Control
Channel (HS-SCCH) control channel or by some HS-SCCH
orders.

II. Conveying Information about Demodulation Pilots

According to the simulation results presented and the dis-
cussion, common pilots are transmitted for CSI estimation
and additional pilots are chosen for data demodulation based
onuser information available at the Node B. Examples of user
information include: CSI reports (e.g. CQIL, PCI, RI etc), user
signal quality in general, data rate, service type (e.g. whether
requires higher data rate or not), geometry (e.g. ratio of
received power from own cell to that from neighboring cells),
etc. The signal quality can be expressed in terms of for
example CQI, SINR, SNR, BLER, BER, ACK/NACK for DL
signal reception, CPICH measurements (CPICH RSCP,
CPICH Ec/No) etc. For example, when the users are nearer to
the cell center (high geometries hence higher order modula-
tions) additional pilots can be transmitted for data demodu-
lation. Otherwise common pilots are sufficient for data
demodulation.

FIG. 8 shows a message sequence chart. In this case, com-
mon pilots 801 are transmitted from the Node B continuously
for CSI estimation. The UE computes the channel state infor-
mation: channel quality indicator (CQI), Precoding control
index (PCI) and Rank information (RI) through these chan-
nels and report this information 802 in uplink feedback chan-
nel (HS-DPCCH). Once the Node B receives this informa-
tion, the Node B scheduler decides whether common pilots
are needed or scheduled pilots are needed for demodulation.
This is done based on, for example, one or more of SNR, user
location or modulation and code rate assigned etc. If the
demodulation pilots are needed to be transmitted, the network
(e.g, Node B) will convey this information through separate
signaling using an HS-SCCH order 803 (e.g., special bit
pattern for switching on demodulation pilots). If the UE is
able to decode this message it will send an ACK 804 to this
order through the feedback channel (HS-DPCCH). The data
is transmitted there on HS-PDSCH 805. The UE can use the
scheduled common pilots for demodulation until again
informed by the Node B to use common pilots.
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II1. Conventional Method Computing Measurement Power
Offset

As stated above, the Node B re-computes the actual CSI
using the UE reported CSI, actual or recent measurement
power offset based on current transmitted power levels, and
signaled measurement power offset (i.e. value signaled to UE
for CSI measurement). In this section we describe how the
Node B can compute the measurement power offset (I'). For
Release 7 MIMO, the Node B computes the measurement
power offset by the following equation:

I'=Pysppsca—P cprcr in dB,

where P, o» 107 15 the total transmit power at the Node B and
is assumed to be evenly distributed among the HS-PDSCH
codes. P p;-zrdenotes the combined transmit power of the set
of CPICH(s) (primary C-PICH, S-CPICH on 2"%) used for
MIMO operation of HS-DSCH.

For conveying this measurement power offset information
to UE, Node B uses Radio Resource Control (RRC) signal-
ing.

IV. Methods of Computing Measurement Power Offset,
Signaling Over Iub and Signaling to UE

A. Embodiment 1

This embodiment may be implemented, at least primarily,
on a radio node serving a UE. For example, it may be imple-
mented in a relay node (see e.g., node 105 of FIG. 13) serving
UE, but it can also be implemented in RNC 106, a donor node
controlling a relay node (see e.g., node 102 of FIG. 13), or
other network node.

As shown in FIG. 13, relay node (RN) 105 is connected to
a network via a wireless interface 117 to a donor node 102
(also referred to as donor Node B (DNB)). The DNB 102
provides backhaul transport for the RN 105 and all the UEs
101 connected to the RN 105.

In this embodiment, the method comprises computing a
measurement power offset (MPO) based on one or more
criteria or condition. For example, the serving radio node (e.g.
Node B 102 or RN 105) computes the measurement power
offset: (1) using a first computing scheme, provided that only
common plots are used and (2) using a second computing
scheme, provided that common and demodulation pilots are
used.

The method, according to this one embodiment, requires
the network node (e.g. Node B/RN) to adapt the scheme for
computing measurement power offset based on at least one
criterion (e.g. signal quality, etc.).

The decision to use demodulation pilots may be based on
one or more criteria as discussed above (e.g. downlink signal
quality, type of service, data rate, etc). The DL signal quality
can be determined from the UE reported measurements or
estimation in the network.

The decision to use demodulation pilots or adapt the
scheme for computing the measurement power offset can also
be based on UE recommendation. For example, the two
schemes for computing measurement power offset can be
predefined (e.g. represented by identifiers 0 and 1). The UE,
based on suitable criteria (e.g. DL signal quality, data rate,
type of service etc), can recommend to the network whether
the network should use first the computing scheme (0) or use
the second computing scheme (1). The UE may send this
recommendation over HS-DPCCH or over any channel
directly to the node receiving CSI reports (e.g. Node B). The
network (e.g. Node B) can either use its own scheme selection
criteria (as explained above), use the UE recommendation, or
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some combination of its own criteria and the UE recommen-
dation to decide which scheme to use for computing the
measurement power offset.

The computed measurement power offset set can also be
signaled by the node computing the measurement power off-
set to another node. The computing node or the other node
may then signal the derived or computed measurement power
offset to the UE. For example the computing node and the
other nodes can be Node B 102 and RNC 106, respectively. In
this case, the measurement power offset is signaled over the
ITub interface 107 between the Node B and RNC. Further-
more, in this case, the measurement power offset received at
the RNC is signaled to the UE using RRC. In another
example, the computing node itself may signal the measure-
ment power offset to the UE (e.g. the Node B may signal the
measurement power offset to the UE using the media access
control (MAC) layer). The method is further illustrated
through the following example.

When the UE is not using additional demodulation pilots
(i.e., when not signaled by Node B), the measurement power
offset (I) computation may be computed by the following
equation:

M

where Py, 55018 the total transmit power at the Node B side
and is assumed to be evenly distributed among the HS-PD-
SCH codes. Pz denotes the combined transmit power of
the set of CPICH(s) (primary C-PICH, S-CPICH on 2"%, 3¢
and 4” transmit antennas) used for MIMO operation of HS-
DSCH.

When demodulation pilots are used for data demodulation
(e.g., the Node B decides to use demodulation pilots), then the
measurement power offset (I') may be computed by the fol-
lowing equation.

I'=Pysposca—Pcprcy 1n dB,

@

where Py, 55018 the total transmit power at the Node B side
and is assumed to be evenly distributed among the HS-PD-
SCH codes, Pz denotes the combined transmit power of
the set of CPICH(s) (primary C-PICH, S-CPICH on 2"%) used
for MIMO operation of HS-DSCH, and P, denotes the
combined transmit power of the set of D-CPICH(s) (demodu-
lation pilots on 3" and 4” antennas) used for MIMO opera-
tion of HS-DSCH. In the above equation, it is assumed that
demodulations pilots are used on 3’ and 47 antennas.

Hence in this case, Node B has to signal two times the
measurement offset to the RNC and to the UE via RNC. One
is at the beginning and other once Node B gets an ACK forthe
HS-SCCH order. The UE has to use the most recently
received measurement power offset from the network (e.g.
from RNC) for estimating the CSI.

For re-computing the actual CSI, the Node B also uses the
same method of measurement power offset which is used for
signaling the measurement power offset to the UE for CSI
estimation.

Accordingly, in some embodiment, the Node B or other
network node, may perform the following process 900 (see
FIG. 9). In step 902, the Node B determines a signal quality
value (SQV) (optional step). In step 904, the Node B deter-
mines whether it should use a first scheme or a second scheme
to calculate the measurement power offset (MPO). In some
embodiments, step 904 consists of or comprises the Node B
determining whether the SQV is above a threshold (T). In step
908, inresponse to determining that the first scheme (scheme-
1) should be selected (e.g., in response to determining that the
SQV is above T), the Node B uses scheme-1 to calculate the
MPO. In step 910, in response to determining that the second

I'=PusppscaPcprcaPppicer in dB,
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scheme (scheme-2) should be selected (e.g., in response to
determining that the SQV is not above T), the Node B uses
scheme-2 to calculate the MPO. In step 912, the Node B sends
to the UE (directly or indirectly) a message containing the
calculated MPO.

B. Embodiment 2

This embodiment involves: 1) a radio node (e.g. a Node B,
a relay node) serving a UE; 2) the UE, which receives mea-
surement power offsets; and 3) another node (e.g. RNC,
donor node controlling relay node), which communicates
with the radio serving node and UE. In this embodiment, the
network signals two measurement power offsets to the UE for
CSlestimation. The UE selects, based on one or more criteria,
one of the measurement power offsets and then uses the
selected measurement power offset (e.g., for CSI estimation).
The one or more criteria can be pre-defined or signaled to the
UE, or combination thereof. For example, the criteria can be
based on signal quality (e.g. BLER, SINR, SNR, etc), service
type (e.g. low data rate, high data rate, etc). For example, a
criteria can be: if signal quality is above a threshold, then first
power offset is used by the UE for CSI estimation, otherwise
second power offset is used by the UE for CSI estimation. The
threshold in terms of signal quality can also be pre-defined or
signaled to the UE.

Accordingly, the UE may perform the process 1000 (see
FIG. 10) and a network node 102, 105, 106 my perform
process 1400 (see FIG. 13).

Referring now to process 1000 (FIG. 10), in step 1001, the
UE receives a first measurement power offset (MPO1) and a
second measurement power offset (MPO2). In step 1002
(optional), the UE determines one or more of: a signal quality
value (SQV) (i.e., a value representative of signal quality), a
service type, and a data rate. In step 1003 (optional), the UE
receives an HS-SCCH order. In step 1004, the UE determines
whether it should select MPO1 or MPO2. In some embodi-
ments, in step 1004, the UE determines whether it should
select MPO1 or MPO2 based on the determined SQV, service
type, and/or data rate. For example, in some embodiments
step 1004 consists of or comprises the UE determining
whether the SQV is above a threshold value (T). In some
embodiments, step 1004 consists or comprises the UE select-
ing determines whether it should select MPO1 or MPO2
based on the received HS-SCCH order. In step 1008, in
response to determining that MPO1 should be selected (e.g.,
in response to determining that the SQV is above T), the UE
selects MPO1 and uses MPO1 for CSI estimation, but not
MPO2 (e.g., uses MPO1 to determine one or more of CQI,
PCI, RI). In step 1010, in response to determining that MPO2
should be selected (e.g., in response to determining that the
SQV is not above T), the UE selects MPO2 and uses MPO2
for CS1 estimation, but not MPO1 (e.g., uses MPO2 to deter-
mine one or more of CQI, PCI, RI). In step 1012, the UE sends
to the network a CSI report (e.g., a message identifying CQI,
PCI). In step 1014 (optional), the UE may also send to the
network a message indicating which power offset was
selected.

As illustrated in FIG. 10, according to some aspects of this
embodiment, the UE may also report to the network the
selected measurement power offset (i.e. first or second) used
for estimating the reported CSI. For example, the expression
of the two offsets can be pre-defined and can be represented
by identifiers 0 and 1 respectively (i.e., 1 bit). As an example,
the UE may indicate that it has used first power offset for the
reported CSI if the said first power offset is used. This indi-
cation requires at least one bit of signaling in addition to CSI
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reports. This will enable the network (e.g. Node B) to use the
same power offset to re-compute the actual CSI. The network
node (e.g. RNC) may also configure the UE whether to indi-
cate which power offset it (UE) uses for CSI estimation.

In some aspects of this embodiment, signaling of the two
measurement power offsets between network nodes may be
required, e.g. between Node B and RNC, between relay and
donor node (aka controlling node). For example Node B
signals the two offsets to the RNC over Iub interface. The
RNC then signals the received values to the UE via RRC. The
RNC may also signal them to another RNC which may signal
it to the UE. This is described below.

Referring now to process 1400 (FIG. 14), in step 1401, a
network node (e.g., the Node B) computes a first measure-
ment power offset (MPOl1—ak.a., “I” or “T'17).

In step 1402, the network node computes a second mea-
surement power offset (MPO2 ak.a., “T'1” or “I'2”).

In step 1403, the network node informs the UE of MPO1
and MPO2, either directly or indirectly (e.g., indirectly via
RNC). In both cases the measurement power offsets may be
signaled using MAC and RRC messages, respectively. In
some embodiments, the network node informs the UE of
MPO1 at a different time than the time at which the network
node informs the UE of MPO2. The two measurement power
offsets computations are according to the following equa-
tions:

MPO1=T1=Pysppsci—Pcprcsr in dB, and

MPO2=T2=Pysppsca—P cricaPppice in dB

where Py, 55018 the total transmit power at the Node B side
and is assumed to be evenly distributed among the HS-PD-
SCH codes, P, denotes the combined transmit power of
the set of CPICH(s) (primary C-PICH, S-CPICH on 24, 3¢
and 47 transmit antennas) used for MIMO operation of HS-
DSCH for computing I'1 and for computing 1'2, it consists of
only P-CPICH and S-CPICH on 2"“ antenna.

As one example, the network node (e.g., Node B) sends the
two measurement power offsets (MPO1 and MPO2) indi-
rectly to the UE via RNC.

Referring now to FIG. 14B, which illustrates a process
1450, in some embodiments, the network node determines,
based on one or more criteria (e.g., downlink signal quality,
service type, data rate), which of the two MPOs (MPO1 or
MPO?2) the UE should use in computing CSI and transmits to
the UE an HS-SCCH order that, as discussed above, informs
the UE about which measurement power offset the network
node has determined the UE should use in computing the CSI
(step 1404). As also discussed above (see FIG. 10), which
MPO the UE will select to use (i.e., MPO1 or MPO2) may
depend on some condition or criteria (e.g. based on signal
quality).

The UE computes the CSI based on the selected measure-
ment power offset and reports the computed CSI to the net-
work node. The UE may also indicate to the network as to
which power offset was used for estimating the reported CSI.
Accordingly, in step 1405, the network node receives the CSI
determined by the UE and information (e.g., a single bit)
identifying the MPO that the UE used in determining the CSI.
In step 1406, the network node re-computes the CSI using the
MPO used by the UE to perform the CSI estimation.

Referring now to FIG. 15, FIG. 15 illustrates a process,
according to one embodiments, for informing the UE of the
two MPOs (MPO1 and MPO2). The process may begin in
step 1502, where RNC 106 receives, via an Iub interface 107,
from Node B 102 (i.e., the “calculating node’) the measure-
ment power offsets (i.e., MPO1 and MPO2) calculated by
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Node B 102 as described above with reference to process
1400. In step 1504, RNC 106 includes the received measure-
ment power offsets in a message (e.g., an RRC message as
described in FIG. 15). In step 1506, RNC 106 transmits the
message that includes the two measurement power offsets
(i.e., the message is transmitted so that the UE 101 will
receive the two MPOs). For example, in one embodiment, the
message is transmitted to the UE via a base station. In another
embodiment, the message is sent to another RNC (not shown)
that then transmits the two MPOs to UE 101.

Referring now to FIG. 11, FIG. 11 illustrates a block dia-
gram of a network node 1100 (e.g., a base station 102, a relay
105, a RNC 106) according to some embodiments. As shown
in FIG. 11, the network node 1100 includes: a data processing
system 1102, which may include one or more data processing
devices each having one or more microprocessors and/or one
or more circuits, such as an application specific integrated
circuit (ASIC), Field-programmable gate arrays (FPGAs), etc
and a data storage system 1106, which may include one or
more computer-readable mediums, such as non-volatile stor-
age devices and/or volatile storage devices (e.g., random
access memory (RAM)). Network node 1100 may also
include a transceiver 1105 for wirelessly transmitting and
receiving data and a network interface 1111 for connecting
network node 1100 to a network 110 (e.g., an Internet Proto-
col (IP) network).

In embodiments where data processing system 1102
includes a microprocessor, a computer program product is
provided, which computer program product includes: com-
puter readable program code 1143 (i.e., instructions), which
implements a computer program, stored on a computer read-
able medium 1142, such as, but not limited, to magnetic
media (e.g., a hard disk), optical media (e.g., a DVD),
memory devices (e.g., random access memory), etc. In some
embodiments, computer readable program code 1143 is con-
figured such that, when executed by data processing system
1102, code 1143 causes the network node 1100 to perform the
steps described herein (e.g., one or more steps shown in the
flowcharts and/or described in connection with FIGS. 9, 14 A,
and 14B). In other embodiments, network node 1100 may be
configured to perform steps described herein without the need
for code 1143. For example, data processing system 1102
may consist merely of specialized hardware, such as one or
more application-specific integrated circuits (ASICs). Hence,
the features of the present invention described above may be
implemented in hardware and/or software. For example, in
some embodiments, the functional components of network
node 1100 described above may be implemented by data
processing system 1102 executing computer instructions
1143, by data processing system 1102 operating independent
of any computer instructions 1143, or by any suitable com-
bination of hardware and/or software.

Referring now to FIG. 12, FIG. 12 illustrates a block dia-
gram of a UE 101 according to some embodiments. As shown
in FIG. 12, the UE 101 may include: a data processing system
1202, which may include one or more data processing devices
each having one or more microprocessors and/or one or more
circuits, such as an application specific integrated circuit
(ASIC), Field-programmable gate arrays (FPGAs), etc; adata
storage system 1206, which may include one or more com-
puter-readable mediums, such as non-volatile storage devices
and/or volatile storage devices (e.g., random access memory
(RAM)); and a transceiver 1205 for transmitting data to (and
receiving data from) base stations (e.g., base station 102 or
105).

In embodiments where data processing system 1202
includes a microprocessor, a computer program product is
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provided, which computer program product includes: com-
puter readable program code 1243 (i.e., instructions), which
implements a computer program, stored on a computer read-
able medium 1242, such as, but not limited, to magnetic
media (e.g., a hard disk), optical media (e.g., a DVD),
memory devices (e.g., random access memory), etc. In some
embodiments, computer readable program code 1243 is con-
figured such that, when executed by data processing system
1202, code 1243 causes the UE 101 to perform the steps
described herein (e.g., one or more steps shown in the flow-
charts and/or described in connection with FIG. 10). In other
embodiments, UE 101 may be configured to perform steps
described herein without the need for code 1243. For
example, data processing system 1202 may consist merely of
specialized hardware, such as one or more application-spe-
cific integrated circuits (ASICs). Hence, the features of the
present invention described above may be implemented in
hardware and/or software. For example, in some embodi-
ments, the functional components of UE 101 described above
may be implemented by data processing system 1202 execut-
ing computer instructions 1243, by data processing system
1202 operating independent of any computer instructions
1243, or by any suitable combination of hardware and/or
software.

While the processes described above and illustrated in the
drawings are shown as a sequence of steps, this was done
solely for the sake of illustration. Accordingly, it is contem-
plated that some steps may be added, some steps may be
omitted, the order of the steps may be re-arranged, and some
steps may be performed in parallel.

The invention claimed is:

1. A method performed by a user equipment (UE) for
providing to a network node channel station information,
CS], the method comprising:

receiving from the network node two measurement power

offsets, a first measurement power offset (MPO) and a
second MPO;

selecting one of said two measurement power offsets based

on whether the network node has activated demodula-
tion pilots for data demodulation, wherein the UE is
configured to select the first MPO as aresult of obtaining
an indication that the network node has not activated the
demodulation pilots for data demodulation and the UE is
further configured to select the second MPO as a result
of obtaining an indication that the network node has
activated the demodulation pilots for data demodula-
tion;

using the selected measurement power offset for CSI esti-

mation; and
transmitting the CSI.
2. The method of claim 1, wherein
the method further comprises determining one or more of:
a signal quality value, service type, and data rate, and

the selecting one of said two measurement power offsets
comprises selecting one of said two measurement power
offsets based on one or more of the determined signal
quality value, service type, and data rate.
3. The method of claim 1, wherein the method further
comprises: selecting one of said two measurement power
offsets based on an indication received from the network
node.
4. The method of claim 1, wherein
the method further comprises the UE receiving an High-
Speed Shared Control Channel, HS-SCCH, order,

the selecting one of said two measurement power offsets
comprises selecting one of said two measurement power
offsets based on the received HS-SCCH order.
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5. The method of claim 1, wherein the two measurement
power offsets are received via a radio resource control, RRC,
message.

6. The method of claim 1, further comprising transmitting
to a network node information identifying the selected mea-
surement power offset.

7. A user equipment, UE, the UE comprising a data storage
system and a data processing system, the data storage system
comprising instructions executable by the data processing
system whereby the UE is configured to:

receive from a network node two measurement power off-

sets, a first measurement power offset and a second
measurement power offset;

select one of said two measurement power offsets based on

whether the network node has activated demodulation
pilots for data demodulation, wherein the UE is config-
ured to select the first measurement power offset (MPO)
as a result of obtaining an indication that the network
node has not activated the demodulation pilots for data
demodulation and the UE is further configured to select
the second MPO as a result of obtaining an indication
that the network node has activated the demodulation
pilots for data demodulation;

use the selected measurement power offset for channel

station information, CSI, estimation; and
transmit the CSI.
8. The UE of claim 7, wherein
the UE is further configured to determine one or more of: a
signal quality value, service type, and data rate, and

the UE is configured to perform the selecting of one of said
two measurement power offsets based on one or more of
the determined signal quality value, service type, and
data rate.
9. The UE of claim 7, wherein the UE is further configured
to select one of said two measurement power offsets based on
an indication received from the network node.
10. The UE of claim 7, wherein the UE is further config-
ured to transmit to a network node information identifying the
selected measurement power offset.
11. The UE of claim 7, wherein
the UE is further configured to receive an High-Speed
Shared Control Channel, HS-SCCH order, and

the UE is configured to perform the selecting of one of said
two measurement power offsets based on a received
HS-SCCH order.

12. A method performed by a network node for providing
measurement power offsets to a user equipment, UE, the
method comprising:

computing a first measurement power offset, I'1, based on

a first scheme, scheme-1;

computing a second measurement power offset, I'2, based

on a second scheme, scheme-2;

informing the UE of I'1 and I"2, wherein

determining the first measurement power offset I'l based

on the scheme-1 comprises calculating:

T1=PysppscarPcprcas

determining the first measurement power offset I'2 based
on the scheme-2 comprises calculating:

I1 :PHSPDSCH_PCPICH—PDPICHa

Py sppscr denotes a total transmit power of a High-Speed
Physical Downlink Shared Channel, HS-PDSCH,

Poprcrr denotes a combined transmit power of a set of
common pilots used for MIMO operation of High-Speed
Downlink Shared Channel, HS-DSCH, and
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Ppprcrr denotes a combined transmit power of a set of
demodulation pilots used for MIMO operation of HS-
DSCH.

13. The method of claim 12, wherein informing the UE of
I'1 and I'2 comprises sending to the UE at a first point in time
a message comprising I'1 and sending to the UE at a second
point in time a message comprising 1’2, the second point in
time being different than the first point in time.

14. The method of claim 12, wherein

the UE is configured to: i) select one of I'l and I"2 and ii)
compute channel state information (CSI) using the
selected measurement power offset, and

the method further comprises: 1) the network node receiv-
ing from the UE the computed CSI and ii) the network
node determining the measurement power oftset the UE
used in computing the CSI.

15. The method of claim 12, further comprising transmit-
ting to the UE an HS-SCCH order, wherein the UE is config-
ured to use the HS-SCCH order to select one of I'1 and 1"2.

16. The method of claim 12, further comprising

determining, based on one or more criteria, which of I'1
and I"2 the UE should use in computing CSI; and

after determining the measurement power offset that the
UE should use, transmitting to the UE information indi-
cating the determined measurement power offset.

17. The method of claim 16, wherein determining which of
I'1 and I"2 the UE should use in computing CSI comprises
determining one or more of: a downlink signal quality, a
service type, a data rate.

18. The method of claim 12, wherein the step of informing
the UE of T'1 and I"2 comprises transmitting directly to the UE
a message comprising I'1 and I'2.

19. The method of claim 12, wherein

the step of informing the UE of I'l and I'2 comprises
sending to a radio network controller, RNC, a message
comprising I'l and 12,

the RNC is configured to send I'1 and I'2 to the UE in
response to receiving I'1 and I'2 from the network node,
and

the network node is a base station.

20. A network node, the network node comprising a data
storage system and a data processing system, the data storage
system comprising instructions executable by the data pro-
cessing system whereby the network node is configured to:

compute a first measurement power offset, I'1, based on a
first scheme, scheme-1;

compute a second measurement power offset, I'2, based on
a second scheme, scheme-2; and

inform the UE of I'1 and I'2, wherein

computing the first measurement power offset I'1 based on
the scheme-1 comprises calculating:

T=Pusppsca—P crrcas

computing the first measurement power offset I'2 based on
the scheme-2 comprises calculating:

l_‘2:PI~IAS‘PDAS‘CH'_PCPICFT_PDPICFD

Prrsppscrr denotes a total transmit power of a High-Speed
Physical Downlink Shared Channel, HS-PDSCH,

P prcrr denotes a combined transmit power of a set of
common pilots used for MIMO operation of High-Speed
Downlink Shared Channel, HS-DSCH, and

Ppprcrr denotes a combined transmit power of a set of
demodulation pilots used for MIMO operation of HS-
DSCH.
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21. A method performed by a first network node for send-
ing to a user equipment, UE, a first measurement power
offset, I'1, and a second measurement power offset, I'2, the
method comprising:

receiving I'l and I'2 from a calculating node that calculated

I'1 and I'2, wherein the I'1 and I'2 are calculated based
on a first scheme, scheme-1, and a second scheme,
scheme-2, respectively;

including I'1 and I'2 in a message; and

transmitting the message so that the UE will receive I'1 and

12, wherein

the calculating node calculates the first measurement

power offset I'1 based on the scheme-1 by calculating:

T1=Pysppsca=F crrcer
the calculating node calculates the second measurement
power offset I'2 based on the scheme-2 by calculating:
T2=Pysppscu—P crrca—Pprrcm

Prsppscrr denotes a total transmit power of a High-Speed
Physical Downlink Shared Channel, HS-PDSCH,

10

15

16

P prcrr denotes a combined transmit power of a set of
common pilots used for MIMO operation of High-Speed
Downlink Shared Channel, HS-DSCH, and

Ppprcrr denotes a combined transmit power of a set of
demodulation pilots used for MIMO operation of HS-
DSCH.

22. The method of claim 21, wherein

transmitting the message comprises transmitting the mes-
sage to a second network node that is configured to
transmit to the UE I'l and I'2 after receiving the mes-
sage,

the first network node is a first Radio Network Controller,
RNC,

the second network node is a second RNC, and

the calculating node is a base station.

23. The method of claim 21, wherein

I'1 and I'2 are received from the calculating node via an Iub
interface (117), and the message is a Radio Resource
Control, RRC, message.

#* #* #* #* #*
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